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Tf]is ]UI}JCI lncscII[\ Ii lM icf’sull~ll]:il}r ofIiIc S1’- IO() tnt)jcc[ :~cc(~]l]l~lislll])cll(s  :11111 (IIC ta~hs [~ll]ai[lill: [t) CCMIII)ICIC  IIIC

s}mccIc:IcItn }KJIYCI S}ISICIII CICJCI()}IIIICII[.  A i’:I\[-  II: ICk(lC\fCl(Jl )II~CIIt OI)lMO:ICII \vLI\s[aIIml ill 1992 ~vllicll  v’(m]d usc IIC:II -

ICIII1 IcclIIIolo:y”  f(n c:IIly IIUCIC:II CICCII ic l~l{)l)ulsioll (Nl~l’) lIl:IIICtiIIJI  I]lissiot]s. III lI:II;Illcl, IIIC 1CCIIII0IIJ:% W)(NII(l  Iw

i]tl])l(wcdfot IIIC ]lloIc:l:,:,!cssi\rc h’1~1’]l}issiolls.  AcOIICC])III:II  dcsi:ll fot :([\vcll[y-kilo\\’:tt[ sjIacL.IL’;IcI(M [Imllll(wlcc(tic
]XNVCI syslc III uI:I\ c(mllJlctcd  [Isill: IICm-l UIIII lcutltlol(~y,y. ‘1’IIc S]’-](K) IIC:tI-lCI III Icctlllol(l:y is dcvcl(qxxl ckcc[)l  I’ol

( I ) IIIC COIIVCI ICI, (?) tlIc pump, :Itd (3) IIIC COIIIIOI  dI ivc W(U:II(M (C’] )A). “1’IIc fII SI CX)IIVCIICI  w:i$ f’;lt)t ic:l(cd  it] SqJIcII~lrI
1993. A (’l}A sLIlmsscII~\)ly w:I\ pLII 011 ICSI aI lIIC CIId of Sc]lIcIIIlwI 1993.  ‘1’tw clitic;il t)()]dir]: stc})s f’w a\sc’]llt)lill: lIIC

‘1’IL cel ls alI(l  llIc ])111111) duels  wcIL> dcvclqxxl l)y llIc ctId  01” Sci]tc]]ltwl  19°3. ‘1’lic 1(’llldirlill:’, ICCIIII(II():Y  dcvclol)lIIclI[

ldsksl’(n tlIcc:ll lysyslcllls;Irc l)li]ll:ililyl)llil(lill~ aldlcstill: lIc()tI\,ct lcl, :Ij)LIII)l), iIIJ(l:iII:ict(  l: Il()I. “I’IIc SI’- l(K)tccl]iloloyy

is fvcll d(wu  II JcIIlcd ald tlml~’folc.  a\’:lilat)lc u’l Icl I tlm ]mc(l f’m s]wc Ic>actor lxnvct syslc  IIls ]~’tutlli.

I.N’I’IIS)].)LIC’I’IC)N

111 h4iIl L’11 of 1983 (IIC U]litcd St:itcs  il]i(ialcd IIlc  S1’. 1001’1(1:,1:1111 Iodcvcloj) a SIMCC ICaclol  Ixmc] Syskt]l C:lj);ll)lc  of”
I)](m’iditlp lo’s to 100’s” ofkil(watls (Jf’clccttic;il  jwwcl to Iilailltaill ]Iatiotla] scclltily :Ifl,aillsl  tlllcats ill tllc INxl CClltlllj’

all(l to S1l]) [)01( IICMJ  Imlimlts ill tllr cxplotdliml Of ’s]mcc!  tmtll IIlallllc(l :111(1 lllllll:lllllCd.  ])llllllf,  tllc f’llsl  tllll’c y’c:lls  of ’ttlc
lMofIIaIIl, syslcIII  studies aIId Cvilical  fcnsil)ilily issms welt. addt  L.sscd 10 dck’]lllillc tlw l(wcsl llla\s, tcl I-yc:ll Iii’c, ald

k’i[st  c(N sp:icc ]c’actot  }N)W’CI systcln  toaccoll][]listl ]Ili!i[a!y ard civi]i:iJl lnissiotls. ‘1’IIc ICSLIII W’:IS tllc sc]cctiot]  (d’:i fa~l

slwcl Iul I] Ill:itliulll ]Iitridc, Iitllitltll-c{)olc(l lc’actm  Cou])lcd  to Illctlncmlccttic cIIcl~y C(mvctsi(nl  cells  :ild lmat  [)ilw

]d(lia(()]  ]):ilIcls to ]cjcct llIc wmlc twal to s}wc. Silm that li]lw, co]lsidciat]]c ]no~It’ss lIaf twc]l IIIXlC  it] dcvclo])ill:, lt I is

slmcc  Icactw [xmIcI  sys[c II~. A rccc IIt col]ccl)tual dcsi:, tl of a 20 liWc S] MICC IcacI(M (I]clllmclcctlic SySICIII is SlI(mrII ill

I“I:UI1’  1.

‘1’fw S 1 ’ -  1(K) l’It):IaIII IIHS csscl]tially  cml]]]lctcd i t s  COIIIIXMICIII  ]mlfo]lnarw dcvclo]nl~cllt ]IIIa\c. TfIc CI itical

lcclllml(~~,ics  :ild f:lbl icatioll tccllr]iqws ]cqui~cd  to build :i ]cactot slI:icc  ]Iowct syslc III lIavc  twctl vdlidalcd aIId

collllmmrlts labt ic:ltcd. ‘1’flis incl(ldcs co]il}x)lml]ts  fw tm[tl tlm IIuclcaI dIId slmcc sut)sysktns. ‘1’llC  Il(lCt(’:11  SUbSJ’St(’l IIS

cx)lisist  of tllc Icactol, ICact(lt  itlslltllllcllt:iliorl aid wlIII(~l (l&[’), aIId ttw sl]icld su[)syslc  IIls. “1’f)c S}lacc Subsystcllls

iticlildc tlm cwlvcllcl, t]ca[  ttallslwlt, alI(l  lwat Icjcctioll sul)systcl  IIs. (MIIcl actiiritics colll~)lctcd  utI(lcl  llIc S1’- I(K)

l’1()/1:1111 illcludc tl]c  dcvclol)tncnt  of’ syskIII  11’quilclllcnls, a :,clwtic f’ii:llt syslcIII  ((il;S) dcsi:,ll, a dclaild l:ilid:lli(m

})l:tII,  d tl]:iw dcsi$,il  10 I)cllllit lnutti[)lc Sl]lltd(wll ald 1~’st:il(s, pl(udut(s fol qu:iliflcaliml aid :iccc}]talm tcstirl:,, 211(1

scvm Al COIICC])(N:I1 dcsi:,tis 1(M a IIUIIllm  I of llotcrltial ]I]issio]ls. ‘1’luscc]lo alId  Rut:ct (199?) dcsclil)cd tllc S1’  I(KI

I’I():IWII and tllc tmt{lwatc (I(wl(qw(l as of JaIIumy  199?.

“1’lIc Ic’aclo]  fwl, tllc ]Ilulticcll tllCt[I)()ClcctI  icc()llvcl [cl,ll121tcl i:ils(lat~l,  Itlc fabticati(il] Icctllli(lucsat]d tlIc  Col]llx)llcl)ts

dcvcl(yx’d  UIIdCI IIIC S1’- 1 (K) l’ItyII aII~ :IIC availat)lc to SUIUKM  I f’ututc  SIMCC })lo:,r:i]ils wtlicll rcquilc saf ’c, dcI)c IId:il)lc,

I(MI:.  lif’c,  1 ()- to 3( K)-kWc  lKWCI  SOUICCS.
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l'ils[sl~l(l icsll:l\ci llcliu;llccl[  ll~il1lilclc:ll clcc[lic lJtol~tllsiotl( Nl; .l’)llsi I1::i” l(K)  -kil(J\\’:llt c’lcctl  ic(k\\’c)l,IJ\vcl  SySICIII

\villl a s]mcif’lc  Iil:lss(Jf40kil(J:,lilllls  ]rt kil(mvit[ (ky,/k W) alI(l a Iitctill]c of 10 ycals  1{’(mldelmt]lc llIc lII(JS1 a:~lcssivc

plaIIctaIy lllissiolls  :iidcsclil)c(l  by KcllcyaIId YCII (1992) itl [I]cit AlAA lNI1)CI. Silwc 1986,1}Ic  S1’- 100” ]IIojccl lIa\ I,ccn

(lc\'clt)l ]illylccll Il()l()~y  tll;llc()lll(l lllcc[lllc sclc.(jlli  ll`lllc[lls. \/cIy IL. cclllsl~l(l icsl~y  Ycll(1993)ll;i\’c i(lcll[if lc(l:lllritcli\’(’

(lllc`c-(()li\c-y  c;illt~issi(Jtlsct ll[)l(Jyitl~N1 ll'(t(If )\\cl[)(j\\cl lc\cls(  201040 kW}c). ‘I’tlcsc  ll]issiollsc:illl )c:tccoll~])lisl]  cfl”

with S]’-](K) lIaIdw’aIL.  tmscd 011 t{day’s SI’-l (K) tccl II Iok):,y  tlm(  IcstIl[~  ill gIL’aICI systcIII  spcciflc  II IaSS aII(l S} IOIICI

(iclll(Jllsll:ilc(l syslclll  lifclilllc tll:lll lc(lllilc'(lf()t lllc:l~prcssi ~’c])l:lll(’l;il  ylllissioll<. ‘l”llccotlfl~l ll:lliorlol’:ll Ic:illy?ok\\l(:

Nlll’ Slmccclaf ’1 is slImvI ill IUir,ulc 2.

I; Ulll ICl c)[]lillli7;lli( Jl), lll:l\s lc`(lllc[i()tl, tlll(l(lctll()tl\ lltlli()tl () fl(JrlScr coII)]mlIclIl  lifclilllcs isl~’c]tlil c(llosll])[)oli” tlIc

apf’lc~ssivc  (xllcJ I)larwl lnissioms  ]ul.sifmsly l)wlllioJml. Sllldics lIavc  also IL.cc IIlly itdicatcd tlla[ Illat]rlcd  JllissioJls  II)

II IC]lIIIIII  slltl"ticc  ztllcil(J h~:lls\\'()lll( iiJccll;i()]cCl:ill( i] JcJf'()Jlllc(i:tl  !CSSCOSl\  \’ll]]l llCllSC( JI’\}lilCCI c’:lClol” IXIWCJ S~SICJI)S.

“]’lIC Cill 1~ ?() 10 dokwC S] MI(’C  IL’lICIOJ  lIICI II IOC]CCII  1(’ S~S(Clll C(jtll(l alS(J [)C ll\Cd fol :i lIl:il IIICd ]lIIIZII  :111(]101 hfl;lls  ()(111 )()S1

]ksidcs  il$ usc (MI N A S A  Inissiotls, I]liscar]y }IaJdw’aIc u’ou]d {K Suilat)]c  foJ a  JNJII)l)CI  o f  IX)]) aIId c(nnt]lcJc’ial

alq)licaliol[s  sIlcl I a~ ][~ilitary suJvcillat] cc, lli~ll  ])()\vcJ  colllJlltlJlic:ltioll,” aII(l ail IIttfflc corIIIol ]llis\iolls.

At lllis Iilllc, Jlcilllcl as,cJIcy, NASA JIOJ 1)01), lIavc cJI(l(M\c(l furJ(liJl:  a ]llis\iorl  \\llicll \v(ml(l II)akc  usc of [Ilc  S1’- I(K)

J1’iiC’i(M SIMICC }) OW’CJ SyStCJl) tCCtl  Jlo]():,~. llv:ilualio]l  o f  ]Km’J)lial COJl)JllCIC’i:l]  a}q)licalioJ)s foJ 1111(’lcal  ]1OW’CJ i s

coJlti  Jltlillg. ‘i’tlC]  )C}l:ll[lllCIlt  of ’]) CfCJISC ]l:i\t)CCll C\’kl]l121till~  ~(\’~ll  lCISofJltlC]C[ll  I)(WCJ C(M’Cj)hfoJ (!11:11 U S C  }WVCI

S(NIJ1’(’Sf’OJ [)oti I])lo])(ltS  ioJl:ll l(/CiCC[liC:lt  }XN’CJ. ]t is lmsi[)tc (() (iiJccl]y ada[ll []IC  S]’- I(K)  space rl>a(’l(]J pow’cf S~S!CJll

10 ])J(n)i(lc a llIcI IIIal l)lopulsi(m Calxll)ilily. “I’tlCColl l] JollCllt\:ill(l”  Jll;ltCJ  i:l!S(CCtlllo](  )~y(lC\C]()llC(! by []IC  SI’-lool)  I()~I:III)”

is:l}~}~lic:ll)]c’foJ  Iilis])()])cff’();l. (’Lll  IL>lltly, NASA’ sl)l:i!l\(l(l Jl(Jt illcludclllc u\cofJc’aclol S]I:K’CIK)J$’CI [rfoJclllcyca!

?(KK).
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‘1’{J:Icc(JII}II}(){I:I(c rcducccl  ftlll(lit]:,(illtitly 1:}’ 93,111c S1’- looINfyIdIII” stlillcd ilscrll])ll:[sisl’lolll fII(mlI(l (Ic]]lo]ls[i:lliorl”

of :1 colI]Jllclc ]mw’ct  syslct  II [[) p,t tmlId (Ic]llol)slriitiorl” oftllc cOIIIp(JtIct  Ils. ‘I’l Ic colIl}x)nclIl\ atc dcvcl(q~cd,  fdlJl icalcd  nlId

ICSIUI I(JIIICCI IIIC tL~[]Llitc.rl~ctll s:\s(lcflrlcLl 1(M a IIC;{I-[CI III, irlkrlncdi:itc ard rl]a(tlrc sysIcIII.  hfos[ O1(lIC kcycoII~]x~IIcIIts
11’quilcd  fol a s[mce ICS:ICI(N lmv.,c! sysIcI  II \vc[L.i’:l\)tic;l[c~(l I)y llIc CIId of };Y 93. S() usill~ IIIC IIC:II-lCI III IcuIIIIOI():,S  a~ a

IMIW’, lllcc(~llt])orlclll~fol”  I]IC illlcrlncdiale :ind IIIalUIC syslcIIIsw’olIld be il!lplovcd fts i]]usllaled t,y ];i~utc ~. A SLIIIIIIIaIy

of ’llle lccl II Iok~~,y diffclcnrcs bclwcerl rmat-lclln, itltcllncdid(c a]d ]Ilalurc S1’- I(K) Reactor  “1’l)clllloclccllic syslcrns  is

{~ivcri it] ‘1’al)lc 1.t “1’cslillf,  of lIIC put II II, c(u IvcIlcI ,  ard :Iclualor tvill bc rcquilc(l ill llIc ful(lll’  as \\fcll d\ accclcIalc(l

c(Mll[xMlcllt lifclirllc Icstitlg,.

As rlo user :I~,cIIcy lI:IS aII identified IIlissiorl fw IIIC S1’- IO() SIMCC rcact(n  ~mwcI sysIcIII,  IIIC I)cl)or(ll]cllt of l:rtcl~,y is

I]lal]llirip tocl(~sc  (ml  tlIc S}’- l(K) S]mcc l<cact(M l’owcr Systci)l  lM()~I:iIII  duri]lf 1(Y 94. NASA Il:ls :Ilso(lisco]](it]tlc(l” its

fu]dirl~, f(~t ltw ]Itog,IdIIJ it] I;Y 1994.  l)urirl~ ckmcou!  ill l;}’ 94, llIc l)c]mtllncl]t of l;licl~y will dOWIIICII[  IIIC jM()/,Icss

II I:KIC ill IIIC S]’-](K) lMogI:{III so I}m[ IIIC (ccllrlolop,y”  CaII  lIC  lc(ticvc(t for futul(’ USC,

l)ctllollslr~ltiorl” of suitable lcclIIIolo~,y fw caIly IIlissiolls iscssc[lti:illy coilll)lclc. l’lula c1 al. (1993) dcsclit)c llIc latest

IIaldf$’;trl.  :itd les t  rc’su]ls itl a ]q)ct Jmt)lisllcd  irl tllc 1993 111( ’li(’ ]Itocccdirl:s. lhllill:, I;Y 93,  Il]rcc key S}’- 1 0 0

Cx)l[llmllcllts (lmtIIl), cot Ivcl  lcr, ald wlualm) u,clc f’at)lic;ttc(l.  l’:i~ks tlml rclnziill 10 I)c collll]lctcd JvlIclI  llIc lMog,IdIII  is

11’sl:Itlcd at sol IIc I’ulurc  dtilc include I)ctfo]l]larlcc tcslill:, ofcollljlor]c~lts, cotlll)orlcIlt/systcItl” lifctitne i’alidaliotl, aIId

]Jolctlliiilly aII illtc~lalcd clcctI icaliy lIc:{lcd syslcIII  Icsl.  ‘I’l  Ic In:ljor corlllmlcllls i’m tl]c rcacto], sllickl, :IIKI uastc IIC;I1

Iddi:ilol well. dcvclopc(l,  l’at)l ic:ltcd, and lcslcd ])[iot to l;Y 93.  l{clow, is a sulIllIl:Ily oi’ llIc rn(~st si:rlif]calll tcctlllical
.,:Iccolll}]llstlillcr]ts Illtou:ll 1,} ‘9.3 and tlIc lL’lII:IlnltI~ [asks lIccc.ssary to cot[l[)lelc  11 IIs .Sl~- 100” dCVCl OlMIICIIl [)ro~i;+ll],

‘I’l  Ic S1’- 100 IIuclcaI sLIl)syslcIIIs  lccl II Iolo~,y,cxccl,l”  fol Illccolllrolclril’c” :Icl[i:llor, islc,a(lyfot a rica-lcIJll lol(140k  Wc

!Iipllt syslctII  dcsi:tl,  dcvclqnncrlt, fal)ric;ltioll alId  qualiflcdtioil. ‘I’l Ic IIuclc:iI slll)systcill~ a r c  tllc Icacl(M,  IlacloI

it)slllllllcrll:lliori :IIId slIicld wllicll arc discussed bcl(nv..
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‘1’lw salcly arlalyws ]mfo][ilcd ill suplm]( of tlw ptfml]d ICSI }llclilnitl:try saf’cty :Itlalysis ICIXHI ( l ’ S A l < )  [)ltnidcs

Collfldcllcc 111:11 tile Sul)syslcllls  can I)c dcsi~ld It) ll]cc[ :111 (1. S. sflf’cly  l~quilc][lcll(s. “1’tlc 20-k \J~c S1’- 100” lcs:~cl(N ;Ird

sllicld sul Kys!m  II dcsi~lls mc slmv]l it] l~i~ulc 4. ‘1’tw lcac(f)l cx)rl[airls  inl)clL.llt saf’cty l’C:IILIIC.  S illcludill: a lw~:ttivc

Iclll})clalulc lc:lc[ivily Cocfl’lciclll. “1’flc IL.aclw  dcsig,rl illcludcs tli~,llly lclial)lc Sllutd(nvll syslctns. ‘1’llis dcsi~n  I]as al]

itdclmtdc[lt COIC  cw)lillp, syslctll slKmld  (IIC rcac[(N Icquilc l~lolcclim] a~.dillst IIIC urllikcly cvcl]t oflms of’rcwtol umlatll

ill slMIcc. A IIipll ICIII1)CI:IIUIL.  ICC IIIIy sllicl(l  SLIII(NIII(IS  IIIC IC.HCI(M [(~ ;i\su Ic IIIiI[  IIIC ICXI(N rc]lmit]s  irltac( irl c a s e  ofzin

ilmdvcllctlt Iccl]tly. ‘1’l]ctu:ic[(~t  Il:lst)ccrl (lcsig,llc(l  lolclll:lil] Sul)cliliual u]dc] :lllclL’(lit)lc:lcci(lcrll scclmlios. ‘1’l]crcwlor

is dcsif,tml  10 ljc laul Icl Ic(l cold iind w’ill co]llail] IIo I]ssio]l })l(ducls  1)01  I)c Iddlo:lclivc dllrit]~ l:iul Icl I. ‘J’flc dcsi~l] tm~

troll Slll)jcclcd I(I scvctal  lip,otoll~ itdcl,crdctll safely Icvicws witl, 1,0 r)cpa(ivc  Iilldi[lp,s.

&’fiQl@l”  fms

A coll~l)lcllctlsivc  lLICIS atd lll:itcj i:tls  data lm~c Ims bcc]l  c(nn}~lclcd.  ‘1’IIC data tww i{lcludcs irlfolln:i[ioll” (m il ladiatim)

cf’1’eels olI ni(i~iuln dlloys aid uldr]iulll rliltidc fuel I)ilts 111:11 wclc illdialcd 10 burllu])s ~.tcalcl  tllarl Iiml Ic.quilcd ft)l a

Icl)-ycal lnissiott. ‘I’llis kl’:i$acc(~ltl]  )lisllcfl t)y:tccclcl:tlc(l luc]tcslitlp l(~sill]lll:llc lllcf’llllrlol~’cr sever)-year lifclirnc. “1’tlcrc

tmvct)cctl IIofucl l~iI~f:iIltltcs w’tli]c  or~c[iilIllf,at c]:d Icllll)cl:tlll!t’sof 15(K)K,  t 00K ]IOIICI Ill:irllllc ]N)llcsl  l“LIC] r)illdcsi~l)

Icllll)cl:lt[llc iltlllc o])clali  ollalsyslclll.” [’old ctilicdl lcslill~ w’;ispcrfo]]l~cd  it]lllc lJoli7clo}l ol/crr)ll  ysicslcac[ol  (7.1’})}<)

ill lddlo 10 vclify Itlc Ilcullol]ic dcsi~ll Co(lcs t’m o}jcl:ltiorl, Stluldolvtl, atd wfcly Uldcl Silllulatd (Jl)cldliolldl  a[d

;Icci(lclllcol)(liliotls.” IIydlaulic Icslslvclc I)cllollncd (n] lcactw Iilockul)s tocst{iolis}l  Illc cotc’sflui(i fl(~ll,lcsistztllccllll(l

f“t(m  ])tittls.  A (ic]lclic lli~llt Systctll ((i];S) dcsi~ll of’s IC:IC{(M sul)systclll fol a 10() -k\Vc Itlcllll(klcc(lic }NnvcI systctn

i s  :ivnililt)lc a~ d Sltlllillp poitlt fw ott)ct  fliptll s]wc 11’aclol Ixm’c] syslcln dcsi~rls.

All of IIlc  utalliillll Ilitridc fuc] l)c]]cIs  for  a ]()()-kwc sjm’c tcaclo) I]wlllloclccllic I)(m’cl  syslcln ]Iavc  [mctl  falnicalcd

:Itl(t alc ill stol~l~c aI 1 m AlaII~(K.  l;al)] icatiml Icadirlcss  IL’vic}vs  d a])l Moval l]avc bccll ti(nnI)lcIcd fol f:ll)t ic:itit)g,  IIIC
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l)oll{lc>flc l:l(l(lilly,; lrlcltl)cfllcl I)ir]s. Asscr]]t)ly fl(~~vstlccts  l]:i~,c lwcIIIMc]Nir(xl fw f:ll)lic;l[ill~, tllclc:iclol. IJal)lic;ttiotl

dcvclol)lllcrll f(M Itw lcaclw subsyslcln coln~m)crlls IIavc  Iwctl colnplrtc(l a]Ml Iccl)tmlog,y  ]cadillcss lIa\ bcc II (iCIII(MI  -

Slldlcd,

‘1’ltr  tL’wl(M su[myslcIIl  lccl IrIolo~y(l c\ Ielo[JIIIc  IIt f(lt IIlc]milr-tcllll subsystc]n iscotll~)letc. “1’OIC(ILICC  ]lla\stird  ilwt~’;lv

1(’aclol Iii’c ald lclial)ilily, liw lotl~, l i fe lll:il~’r  i:ilscl:il:tt~il~c  IIccds  101)C cwn})lctcd, ‘1’l]is illcludcs ddiliollal Iotlg-lcllll

Cl L’ClllC\l  SOlt I’NrC’-l 1 lll:tlL`li:ll, f:ll)liCal i(lt)l)t()cCss  (lc\~Cl()})ll)cl]  1:111(1  [l()Clllllclll:it i()tlf()l I’W(--l 1 tolcl:lirlits]li~llc[cc])

sllc’ll~[l l,:ltl(l ;l(l(litioll:[lol” colltill~lcd fwl[]il] itrtt(li:l( i[)ll:illcl l)()st- tcslcx:lll~ it]:iti()l)s, Also,[lwlcactor” sul)sys(cn}]lccds
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GLJide/SLlppori
Structure

};l(; (11<}:  5. Rcilc(ol I&(’ Sllbsyslcll).

‘1’lIc sllicld suhsyslctll lccl Irmlogy dcvclo}MI)clIl  1(N a lIcaI -lcl II1 syslcII)  is c(MIIplclc.  ‘I’l Ic sllicld wlxyslcln, ai SIKW]I

iill;i~ulc 4,11:ls lJccl)(lc~clO1) c(l,(lcsipll  c(l,:{llcl ll]clll;il l(]f:lcl[l  ritl~l~l:llls:t rt. c()tl Il)lclc. h4:llcl  i:llslll:tl ltlf’:lc[Lll  ill~l)toccsscs

dlc CIevclq)cd  aid cot]l]m(il)ility Cll:tl:iclc lislics ol’]l[c)tolyl)c”  IIl;llclials witllill the dlicld tmvc t)cc]] dclIl(m$l[alcd ff)l (c]I-
ycal lik. “J’tlc Iillliull) l]ydli(lc ( I  ,i}l) g:III)l  IIa it[idi:llioll I)ctlaviw ;I1 olmdlil}:, lclI)])cl:l((lrL’s  101 tc]) yc~lls Im$ t)ccn

v;llidald.

11.H!Mi!m suck!  .Iasks

(’oln])lc[itly IIIC sllicld  ard ]I)atclial d:lta  lmsc is lc(luilcd (o )c.ducc ]na~s ~IId ilmL’aw tcliat~ili[y.  hlcu[lorl i[ldin[iorl

of 1 .it I at lc]n])clalulc is lcquitcd 10 collfll[t) Ilmt II]c I ill sw’cllit)g  bcl]aviw is llIc satnc a~ 11):11 t’ot p:itnt]l:l  iti:dia(iotl.

Also,tlw 1 i}] tlIcIJI)al  cf)[l(ltlctility  cl]:il]~,c, if:llly, (I[lcloill;i(ii:l(ioll” l~cc(ls [ot,c(lc[cti  l~illc(l, ‘1’IIC sllicld sul)systcln]lccds

to lx’ fa[)t ic;itcd ald tcslcd  in an clWlo cnd systcln  test p im [0 lli~llt.

‘1’IIc S]MCC sulIsysIc  II~s :IIC ncaI ly dcvclopcd, as discussed by h40nd[  ( 1991 ), 1’01 ncitl-tcllll, 1 () to 40 kWc, tlltcc- to llvc-

yc;iI SySICII~S. ‘1’lIc  ty])c alqN()\Ial  (’IA) tltcrlll(~ctcctl ic CCIIS a!c fal)l icatcd  atd ml tes t . “1’tlc “1’A CCIIS ate. l)cill~ tested :Is
ill(livi(lual CCIIS aml Ilavc  l)cct]  incorlmdlcd i]ltt) a fat~ticalioll dcvcl(y)lncltt  lmIIlp  ald c(mvc Ilc I to dclnonstldtc [Ilcil

litt)] icabilily :IIKI per IW II) ZiIKC. A IMOIO(YIJC [JUIII]) :ItKl :14 x 6 C(MIVCI ICI [ICC(I 10 bc buit[ :I]l{i  tcstc(l  ill ii liquid Tl)ctill ICSI

I(xq) :111(1 cotn}wl}cnt Iii’clilllc lcstill~,  is I(xluitcd to co]]ll)lclc tllc slwc subsystcllls dcvcl(y)]ncrlt. TIIC :111-titalliulll  lIC{It
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])i]w Io(lialo] 1’(N ttw IW;II -tCIIII  syslc]n  i s  dcvclo]wd. ‘1’tw tli<i]iull], citll)otI-c;IIIJ(jlI  lIca[ ])ilw lcctltlol(yy i s  IIcally

dc\’ckqd 1(N llIc illtcl llwdi;~tc  syslcIII.  ‘1’l\c lil~illiulll Ilca(  ]Jil~c ivitll c:ill)(~l~-c:lll)())l  al IImI lIcc(ls to I)c (Icvcl(q)c(i f’(n llIc

Ill:lt(ll(’  Syslclll.

‘1’lw Si’- I(K) LWVCIICI  su[)syslcll)  Lwllsis[s  of?.54 clll x ?.fd L’]!) by ].? clll l}Iick  c(m[lllctivc]y coul)]cd ltlcrltlmkcllic

CC1l S, aI I ZIII:LYI in Ilwlllloclcctlic LWIIVCI ICI assct]ll)lics (T[’As) a]d IXNICI cO1lvc[siorl  afwlntllies (l’[’As), 1.x1] ‘I’(’A as

dlo\\rll ill }ISIIIL’”/  is H Stl[l(il!’ldl Collsl\[ill S of~l  Illill rL’~hlrl~L]];il  ]101 ]1(’;i(  (’k~]ldllf(’[  [)oll(kd [()  ttlc fii~cs oft\V() d X 6 iif”lil~s

Ofcclis, all(l two c o l d  llcal Cxcllar):cl > boll(lc(i 10 Iilc L’oi(i  I’:IL’CS  01’cwil 4 x 6 ;11 121)’. l:acl] i’(’A as silmv[i illl’i:ulc S ~viii

])rixiucc ~.d kwc  aII(i C’olisisls ofci:itl ‘ l ’ ( ’As  w’]IOSC ]Iot  ill]cl and Ollt]cl iIca(iL’ls  aTc’ c(mIIcclc(i by [)illill~ lo Itlc  Ic:ictol

wlliic Itlc cold itllc( ;tmi  outlcl ilcmicts :IILL u)rltlcclcti by i]iijin~ [0 tllc l:t(iiat~n.

‘i’l)c  (icvcl(q MIw IIl of:lcol)(illcti\  ’clycoll])lc(i col  IIi Iacl lilclil]ocicctli cccii 10 lc’cillcc  syslcl  Il II);ISS Ivas a ]Il:ljorlcclillic:li

CildiL’ll:C  IIlat IIa$ bccll lcS()]VCd. “1’() plcvcrlt tile SII1’SSCS (I(IC  to diflcll’rltial IIlcllll:ll ck]nllsiotl  of ’tllc 1101  iill(l Col(i IIcal
cxcl Id II:cts atl(i (iuc 10 tile Ii)cllll;ii  :.l<idicll( acloss  liic  Iilclltlociccllic  llmiuic I’l(nn (iama:in: tile Iimlll}ociccllic
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‘1’oddlc,  II IIL’c l~!{)lolyi)ic llIc]Illoclccll ic cells Iwi’c lrctI I,cIIOIIII;IIICC  Icsld. ‘1’IIc 1“11>[  [ylx alJ]M()\al  (’IA) CCII, Iillicll

vtmld Iw used ill ltw lIcat-lcl II] syslcl  II,  ol)clalc(l a[ [)l(~toly[)ic sys[ct]] corldi[i(~l]s  1’(M 34(K) lI(JLIIS  :I\ 1)1 L’di  LICLl.  At Illis

[itllc IIIC illlcll]al clcctlic:ll lL>sislatlcc bc~all  [() illclLsasc I]I(Mt’ (Ilall I]lc(liu[ctl. At 41( K)1NNIISIIW l~sis(:itlcc tYaitlII(c tilllcs

R’11:1( it \\a\ plcdic(cd to tw ad tlw l’A CCII RJ:IS sllt]t(lo}i,]l  ill](l tcIi)()\Icd  f’ol [x)s[-[cs[ cv:ilu:l(iol~. ‘l’tic sccoIId  cell is

(y)ctatill: al ]n~)to(y[)ic  colditi(~tlsl”ot”  ovc]  5,(KK)lI(wl> \vitti a sli:lllly :IL’a[cl i]]c’ttaw,  ill clcctric:ll tc’sis(al]cc  at’lc] :ib(u[
?$()() ]I{)llls 1]1:11~ l)lc.(li~[~~[, ‘1’IIc tl]i]~l  CC]l olIcI~I[c(l  ;I[ Ijl(}[()[}}]ic col](]itiolli” as [)lu(liutc(l J()] ~ilx)l.1{  500” 11(1(1[s :1[1[[ tllC

Clcullic[ll  IL’sistat]cc  lx’:dll illc’lc’ilsiltg III(Mc la])idly tl]at)  ])lcd;ctd. Ttlis tl]il[l ccl]  wa~ dIul(io\vII [III(I IcIII{)vcd  at 2300”

lN)IIIS f’i)l ]x)sl-lcsl  cv:ilu:lli(m wllcn tl)c Clcctl ical ltsi~liilluc wa< ulN)ul  tlllcc  Iill]cs  Jill:t( i[ l{as ]~lcdick(l  1(I lw. I{(JIII IItc
fll SfCCll  and fllc (/llld C(’]1 \~CIL>folllld  (olJC(lC[)ol](]c(\;lf”  OI)c  ol’[]lc~Itt])}l] tC-[()-Sl(; c “’~’” ICY  [X)ll(l\.  ‘[ ’lliSSl(;C-(()- ~lil[l]l]fC

Ixnl(l is llw wc:tkcsl bold ill tllc ccl] ;il](i  is loua(cd (XI  IIIC II(JI si(lc ofll Ic llwlil~oulcc(lic cell WIICIC’  tlw I(m(l i\(lw :ICZ{(CS[.

‘1’IIc  llIIL’c CCIIS sulvivcd IIlOIC lll:it) let) [Imlilldl cycles  I’ioll) 1’LIII tctllj]cratull (1 3(K) K IIot  lIcal cxclIaIIycI aIId 8(K) K cold

]IC;I[ CkC]lilll~Cl) to 1001])”  lClll[)Clil[[ll  C. A l l  (])IL’C  CCllS l)I()(](Icc(I  ~.!) \v~Ill\  ~1[ :( 500” ~ k’lll\lCI:(t UIL’ flMilCll( ;tCI(lSS  tllC

ccl] (1)()[  cx.cl)allp,cl  Iocol(l” licat Cxcll:tll:c’r  ),:tsl)rc(l iclc(l]}liol tolllc ilwlcaw ill illtclJJal  clcclrical lCSi  StilllCC. ‘1’llc  llIcllllal

.gI:l(licllls  acjoss :111 tlIlcc cells V.Ttc cot)sislellt w i t h  llIc l)rc(iictc(l lJCIf(NJIINICC  tl[lou:ll(ait (tic (cst, “1’IIc ]Jlotolyl)c “l’l;,

cell, stlllctulc’ alId l)crlmll~arlcc at Ialyscs  alL’ coIIf  ’II IIlc(l. I;(NII ‘1’A cells 11’CIL’ fat)ticalcd for lif’c Ics[][lp R’IICII tlK’ ])lo~r~lll]
uii~ tcl  Illill:ltcd.

A d x 6 al]ay of cc]]s  w’ittl a tIol ckc}]al]~,cl  ml oac  Side arid a cold }Kal ckclIatL~cl  011 ttlc  (It][cl w’:i< fiitu ic;{tcd  NIKi lL’ild~

fol tcs[ at (Ilcctd (MSc]JIcInI)cI  1993.  ‘1’llis4  X 6coIIvc IIcI 11:1~ Iivclvc”I’A cells like tlIc  tllrcc (Ilat  wctc individually Icsfcd

:IIKI lw’clvr sillluliil cd, (~,liiIdlitc blocks sullsli[utcd for  Itw  Si(k IIlalcl ial) cells. ‘1’llis 24 cell cc~rlvcl(cl  w’il~ (ltif,illa]]y to

bc 11’sled ill a lillliuln cotnponcrlt tcsl 1001) alotl~, witil ‘I’l Wl  ]NI]I)[) ill }0’ 94. “1’l~c 24 ccl], 4 x (, co]lvm [c] is availat)tc fm
tcstinr to dcl]]orlst[;ltc  Ilial  ItIc tm]dill:, of cells 10 }Ic:il  Cxct]all:cl is acccl~talllc$  (1111[ (IIC col[l~)lia[lt \I:d\ alc  cffwtivc ill

illlo  U’illp,  tll  C difl’c]cllcc ill II IC1”IIU II cxlmllsioll bCIWCCIl  IIIC IIot :!11(1 cold IIC:II CxCll:lllp  Cls, illl(l tllc clcctl ical  [) CII’(IIII1:IIICC
t~illl IIlulli])lc cells in scli(’s  is as dcsi~lmd.

‘1’lw Si(ic-lo-~l:lf)l)ilc bond  ]wcds  10 t)c itll~ntwc(i arKl scvcIal  ‘1”11 cells r]ccd to t)c falu icalcd  :ird lcstcd  to valid:ilc CCII

Iiklilnc. ‘J’l Ic 4 x 6 colIvcrlcr  Sllmlld Icslcd  (0 validalc co]]lllliattl lmi ~wrrolIIwIcc a~ well as tlw i[ltclccll clcctlodc Icads.

‘1’llc ’24 cell, 4 x 6 convcJIC1, fabl icatcd  ill ]W 93,  IICUI$ 10 bc clcctl icaliy heated ard tcslcd  01 il]stallcd in:1 liquid Iitt]iuln

tcsl  l(x)])  attd Icstc(l.  “1’llis 4 x 6 COIIVCI ICI, witl] 1 ? ‘I”A CCIIS ald ] ? sitnu]:ttcd cclk, slmLIkl  t)c k’stcd at ~)lot(~ty})ic tlm Illal

Vacallla conditimls [ovalidatc tl)c cottlj]liallt p:ids’ cfktivcncss in lirnilins, tltc  Stlcsscs ill ttlc  ‘1’llcclls. III lmrallcl, a 4S-

ccl], doal)lc-sided 4 A 6 tl]c] lnoclcctl ic COIIVCI ICI awc II~l)ly (’l’C’A) Itccds  to bc fi~ot icatcd  usil]~, tllc iln})l(mrcd  Si[k-tw

~[apllilc bmdcd ‘1’1; cells. ‘1’IIc 48-ccII ‘1’(’A slKmld  IIlcn bc installed at)d tested ill a liquid litlliulll ~,[III)}Ilc(JII~c]I(’I  test

lo(q).  ‘1’his Icst will v:ilidatc tllc 4 x 6 “1’(’A pc~ fot [nalwc, atd co[l(inucd tcsti[l~,  is Tcquilcd to validate tile colilldial}t pad

at)d intclc’c]l clcctlodc ]cad ]ifctilnc. ‘1’l]c pourcl  collvcrsiol) assclnb]y (} ’[’A), w’llictl cor)sists  of ci~,llt  ‘l’(’As, Mcds to

bc fabl icatcd  witil at Ica$t oac  IL’til ‘1’(’A  aTKi ltm Icst  stltlulatcd.  ‘1’l~is I’(’A rlccds  to (IC illtcgi atcd aIKl tcs{cd  in ai} CIK-

toclld systcla  lest to validdtc tllc collvcrsior]  sulmystc]il.

‘1’l~cclt  dcvclo])lm’llt ]Iccds  to bc cot]titluc(i todcvtlollslliltc ‘I’l; cclls I)clfolliiatm atd lifctill)c usin: ill]])r(wcd silim)ll

~c!ll~alliu]]l witll:i7,0f0.7? x 107K-1,  AI least foul ilnp[ovcd ccllsllcc(l t(~tlcj~l:icc{l  (~]l life test. llll(l]cri ll]})lotc(lsil  icon”

:clllldlliu]ll with aY, ofo.X5 x 1W3K-1  ]Iccds  Iot)c  irlcotl~oratcd  itlto’1’llcc]ls. To dctllotlstlatc tllc “I’l; ccll for ttlc  Il)aflll L’

syslcta,  il is IIcccssaIy  to lIavc a[ least foul cclis OII Iifc tes t .

‘1’tlc  ‘I’ll  ce l l  cotnpwmnts (comp]iant p a d s ,  i[lsulat(~ts  dlId  Clcct;  (xlcs)  ald tmdcd joints (Si[icl})y]olitic :laphitc,

:taI)t]itc/W, w/:law and W/Nb) mcd to bc illll~]ovcd to rL’dllCC lll;i SS all(i  illclcaw  lifctilllc Llp to :il Ic; l\l tcrl  yc:ils,

AccclcraIcd life tests need to bc cotKluckd (MI tllcsc  c(m\]KMIclI(s  and joi!~t~  to kralidatc  tcmycal life willl ll~alpin.



‘1’IIC  ‘[  ’l{h’! IILIII)]) f’ilb  IIL’dlC(l  11)  ];}’  ~~ \\ ’l[l]  [W’CIIIS-{I!’()  lL’il\  CC]]\  dll(] [\!’L’ll(?-(\V() Slll)ll]ll[l’d  C1’]IS  llLI’([\  [()  [K’  lll\[d]](’L]

iIII(I  Ics[c(l  ill  iI I]tl]iull)  tcs[ loop. ” A  ‘I’l;  hl ]NIIIIIJ  \vitl] l’(MIs-[’OL II IL*:II  cell\ aII(l I’\!’ (’- I 1 dLIL’(\  IIcc(l\ I(J IIC i; Il)Ii L’; I[c Ll iIII(l

Icslc(l ill d Ii(lliu]])  Icsl loop.” “1’I)C  [)111)  )1) llCC(l\  10 I)C 1)( ’11’olll]:tl)cc  Icslc(l  (I[l(lcl  Ck])ccir(l  lli:l)[ Sys[cll)  Cll\’il oIlll)CIl[ill
coldilio])i” al)(l llIct I ])LI1 011 lik lcs( i]tldc I dc(clclaf(’(1  slcd(iy  slalc uo]l(liliot]\”  10 cOII)l)IC(C  llw puIIIl) (icvclo[)II)cII[,

Ad[litio]];ll ‘ l ’Al’ cclli ]NWl to Iw l’:ll>tiL;i[cd  :111(1  III:ICC  itl <ICCCICI:IIC(I  lit’c IcsI\ I() v:ili(la[c IIIC CCII Iitr[il[]c.

Stti!ic li[lli(l]ll/llcliLll]~ SC IL’CII  IrsIs IIccd tol)c l)cI1’OIIIIc(l  tovalidafc  tl]~~il\\l,l)iiti\{ol  scIc,cII l)cIl”OIIIIiIIIcc. A(i SA Ilrc(lf

lolw l’ill~licatc(l  :iml tritc(l will) Iilllillit]-llclitllt] ill a ll(m’it]: Iillliu]t] l(x)]).  “1”1]1s  siiII)c{;SA ln(l~ [(J Iw ills[ullcd  ill :IIICIW
1()-L’11(1 Syslclll  lCSI.

TE-M Pump Gas Separator/Accun] ulator

Inlet + Primary outlet
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